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The promoter regions of some genes, in particular tumor suppressor genes, are frequently hypermethylated in cancer, but not normal cells. This methylation is thought to be an early event in carcinogenesis. Through necrosis and apoptosis, tumors release genomic DNA into the systemic circulation. Analysis of this DNA found in the serum/plasma of breast cancer cases, allows for the detection of promoter hypermethylation, with results showing good concordance with paired tumor tissue samples. We proposed to assess the potential of serum DNA hypermethylation markers as a tool for early detection of breast cancer. To date, no study has been conducted using serum collected prior to breast cancer diagnosis. Such a study can only be conducted using the resources of a large cohort with access to blood samples collected prospectively in healthy women, such as the NYU Women's Health Study (NYUWHS).
The NYUWHS enrolled 14, 274 women aged 35-65 between the years 1985 and 1991. Serum was collected from each participant and stored for future biochemical analyses. At the time of the last complete round of follow-up, 1,006 cases of breast cancer had been diagnosed. This project is a nested case-control study within this cohort. Women for whom we have a blood sample collected within the 6 months preceding breast cancer diagnosis (n=113) will form the case group. For each case, controls will be selected and matched for age at, and date of, blood donation. The analysis of the promoter methylation status of a panel of six cancerrelated genes (RASSF1A, GSTP1, RARβ2, ERβ, DAPK and CDKN2A) was proposed.
Body:
Training Plan: The first two tasks listed in the statement of work (coursework and rotations and written preliminary/qualifying exam) were completed prior to the original grant submission. The third task was completed on October 6 th , 2006 when I successfully defended my dissertation proposal to my PhD advisory committee (Drs Zeleniuch-Jacquotte, Shore, Wirgin, Klein, Liu and Cairns). The discussion generated during the defense lead to a number of modifications to the proposal outline, which were discussed in the previous progress report. Briefly, a second control group consisting of women with a history of benign breast disease (BBD), as indicated by a history of breast biopsy, was added to the proposal. It was also decided that due to the precious nature of this study's samples that the complete analysis (for all 6 genes) should be conducted on 50 sets (1 case and its 3 controls) to allow for a preliminary assessment of how the study is progressing, before analyzing all 113 sets. This is the analysis that has been conducted since that last report.
Also during this last year, I had the opportunity to participate in a National Institute of Environmental Health Science (NIEHS) SNP Workshop at Columbia University. This gave me hands on experience working with SNP and haplotype data and exposure to the large number of database and analytical resources available online. I also took part in this years NYU Cancer Center retreat where researchers come together to discuss their research and attempt to forge collaborations with their fellow cancer center members. In June I attended the DOD Breast Cancer Conference in Baltimore Maryland. I found the combination of researchers and breast cancer patients and survivors to be one that fostered a climate of discussion and education.
Since the last progress report, I have completed my interim committee meeting (to be completed within the last year of your dissertation research). During this meeting I updated my committee on the research I had completed to date and suggested the steps to be taken to complete my degree. Working on the NYU WHS has also allowed me to be involved in other projects. I published a paper on DNA repair polymorphisms and breast cancer risk (see attached CV) and am currently working on analysis looking at NSAID use and risk.
Work Plan:
Task 1: Case-control Selection A total of 1,006 invasive breast cancer cases were diagnosed prior to 7/1/03, the start date of our latest complete follow-up. A total of 3,074 women with a history of benign breast disease have also been identified. Cases are women for whom we have a blood sample collected within the 6 months prior to breast cancer diagnosis (n=113). For each case, two sets of controls were selected. In the first set, two healthy controls were selected at random from women who were alive and free of any cancer and who had no history of BBD. In the second set, one control subject was randomly selected among healthy cancer-free women with a history of BBD. Controls were matched to cases for age and date of blood donation ± 6 months.
A series of selection criteria and priorities were created to facilitate the selection of appropriately matched controls. In an ideal match the control's age is within ±6 months of the case's age and the date of blood donation in the control is within ±6 months of the date of blood donation of the case. To be included in the "healthy" control group, subjects must have been free of benign breast disease at baseline and ANY cancer for the duration of the study to date. Those women in the "Benign Breast Disease" control group needed to be free of ANY cancer for the duration of the study.
The primary objective of this study is to determine whether the promoter methylation status of a panel of genes can be used for the early detection of breast cancer. This makes the cancer free status of the controls the most important selection criterion. To conduct the appropriate comparison between case and control methylation status, needed to meet the study objective, it is important to know that the control did not become a case later on in the study and therefore may have had undiagnosed, early stage breast cancer at the time of blood donation. This is especially true in the case of promoter hypermethylation given that it is believed that these changes occur early on in the development of the tumor.
When an ideal match was not possible, a series of relaxation criteria were established. The first relaxation was to extend the matching for date of blood donation to ±9 months while keeping all other criteria the same. If control selection was still not possible then the variation in date of blood donation was increased in 3 month increments up to ±18 months. At this point, if a control was still not available, the variation in age was increased in 6 month increments, up to ±2 years.
In the first 50 case-control sets, of the 150 controls selected only 7 required the relaxation of selection criteria. For 4 controls the difference in dates of blood donation was extended to ±9 months, and for 3 controls to ±12 months. Task 2: DNA Isolation DNA was isolated from 1 ml aliquots of serum using the QIAamp DNA Blood Midi Kits (Qiagen, Valencia CA) as described by the manufacturer with a few minor modifications due to the expectation of small amounts of DNA being isolated. These changes have been extensively validated in Dr. Wirgin's laboratory where analysis of NYUWHS DNA has been conducted for the past five years. Samples from each case-control set were isolated in the same batch, on the same day and stored for the same length of time before DNA modification by sodium bisulfite treatment. Isolated DNA was stored in six 45μl aliquots at -80°C to eliminate any unnecessary freeze-thaw. Each aliquot is the amount required for the sodium bisulfite conversion assay and sufficient for the methylation analysis of two genes of interest and the reference gene.
Task 3: Method Optimization and DNA Methylation Analysis DNA methylation analysis requires two basic steps. First the DNA must be chemically modified using sodium bisulfite, converting unmethylated cytosines to uracil while leaving methylated cytosines unchanged. This treatment leads to the generation of detectable methylation specific sequence variation. Once treated, DNA is amplified using fluorescence based, quantitative realtime PCR (QMSP) using the AB7300 (Applied Biosystems, Foster City CA). Optimization of the sodium bisulfite treatment method and QMSP analysis has been completed.
Sodium Bisulfite Conversion of DNA:
In the original proposal sodium bisulfite conversion was to be carried out using the method by Herman et al [1] . However, since the time of the original grant submission a number of kits became available for the sodium bisulfite treatment of DNA. After consultation with those in Dr. Klein's laboratory, in which two different kits had been used, the Qiagen Epitect Bisulfite conversion kit (Qiagen, Valencia CA) was selected. Using the QIAGEN kit increased the speed with which the samples were analyzed. Kits were tested using standards of fully methylated and fully unmethylated DNA (Millipore, Billerica MA). Bisulfite conversion was conducted as described by the manufacturer. Modified DNA not analyzed immediately was stored at -20°C until further use.
Samples from each case-control set were treated in the same batch, on the same day and stored for the same length of time upon conversion. Standards for each PCR plate were also treated in the same batch as the samples for that plate. Usually, samples were analyzed on the same day of sodium bisulfite conversion to eliminate the effects of storage completely.
Analysis of DNA Methylation:
Bisulfite treated DNA was amplified using QMSP. This method can attain a detection sensitivity of up to 1 in 10,000, compared to a sensitivity of 1 in 1000 for traditional methylation specific PCR (MSP) [2] . Amplification was conducted using locus and methylation specific primers, flanking a sequence specific, 18-20bp, dual labeled, TaqMan® probe. Increased specificity is gained by the specificity of not only the forward and reverse primers, but the probes as well. Fluorescence was detected using the AB 7300.
Real-time PCR was carried out as described by Eads et al [2] . Briefly, for each assay two sets of primers and probes were used. The first set of primers was designed to recognize the sequence of the methylated, bisulfite treated gene of interest. The second set, for β-Actin (ACTB), was run in parallel and used as a control to normalize for DNA input. Primer and probe sequences were obtained from previous publications and reported in the first progress report.
Standard curves using fully methylated DNA and probing for the genes of interest and for the control gene (ACTB), are included in each plate. This acts as a positive control and allows for the quantification of promoter methylation relative to a fully methylated control. It also controls for sample DNA input. Standard curves are generated from the same stock solution (3.3ng/μl) and can therefore also act as a control for plate-to-plate variability. Dilutions of methylated DNA are run from 10,000 copies (6600 pg DNA/μl) down to 1 genome copy (0.66 pg DNA/μl). Standard curves with high r-squared values and slopes close to -3.33 are the most accurate. Cases and their 3 controls (2 healthy, 1 BBD) are run on the same plate. This ensures that any differences in methylation seen between the 3 groups are not due to plate-to-plate variability or differences in DNA storage time.
To optimize assay efficiency with respect to the limited amount of sample DNA, two target genes were run for each sample on one plate (using one aliquot of isolated DNA). This was run along side the ACTB control and allows the same control to be used for both genes. This decreases the amount of sample DNA needed for ACTB control reactions overall.
Each assay also included universally unmethylated DNA as a negative methylation control. Unmethylated DNA is included as a negative quality control on each plate to reduce the probability of false positive sample results. Inclusion of this control monitors the specificity of the primers and probes for methylated sodium bisulfite treated sequences as well as the efficiency of the bisulfite treatment reaction itself. Incomplete sodium bisulfite conversion can generate false positive results where unmethylated DNA (i.e. the negative control) is amplified using methylation specific primers. The negative control should only be amplified by ACTB, whose primers and probe are not methylation specific. This indiscriminant amplification is what allows it be used to quantify the amount of DNA template in each sample. Several water blanks were also included on each plate.
Amplification Conditions:
The final composition of the master mix consisted of 1X TaqMan® Universal PCR Master Mix No AmpErase®, 600nM of each primer (forward and reverse) and 200nM MGB probe, with a final reaction volume of 50μl. Amplification conditions were as follows: 10 minutes at 95°C and then 95°C for 15 seconds followed by 60°C for 1 minute, for 50 cycles.
Gene Selection:
As reported in the previous progress report, the gene panel was modified to include: RASSF1A, HIN-1, GSTP1, APC, p16 and RARβ2. Since that last report the panel has changed further. During the extensive troubleshooting that was conducted during the early stages of the study, it was found that the primer/probe set that had been selected for HIN-1 analysis was not specific to sodium bisulfite treated methylated DNA. This gene was removed from the panel (for the time being) and analysis of RASSF1A, GSTP1, RARβ2 and APC conducted.
QMSP Results:
Assays have been completed for the first 50 cases, whose mean age at diagnosis was 53.1 years. Forty percent of the tumors were diagnosed at stage I, 34% at stage 2A, 6% at stage 2B and 2% at stage 3A. Tumor stage was unknown for 9 cases (18%). Methylation assays have shown good sensitivity in the standards (dilutions of fully methylated DNA), able to detect down to one genome copy (Figure 1) . The standard curves were also the expected slope (-3.33) and had high R 2 values (Figure 2) . Further, standards were shown to have a high level of reproducibility between plates, as indicated by low inter-plate coefficients of variability for each gene: RASSF1A 11%, GSTP1 3%, APC 2%, RARβ2 1%. In contrast however, variability between repeats using sample DNA was very high (i.e. ACTB 52%).
Overall, the methylation frequencies of the four analyzed genes are low among all three subject groups (Table 1) . Further, examination of the frequencies shows that the methylation frequency of these genes does not distinguish between cases, controls with BBD and controls without a history of BBD.
These results raise a number of issues challenges and obstacles that must be addressed. First, the results shown in Table 1 represent all samples that amplified during real-time PCR using methylation specific primers. For some of these samples the amplification crossed the threshold at a high cycle number (i.e. > 45 cycles). This raises the question as to what samples are actually methylated and what amplification is simply an artifact of the PCR procedure. This introduces the potential for the presence of false positives, which may also be due to incomplete sodium bisulfite treatment.
Another issue to be considered at this stage is that of assay sensitivity. The standard curves show that the procedure itself has a very high sensitivity, able to detect down to one genome copy (Figures 1 and 2) , however, the assay can only be as sensitive as the sample will allow it. Amplification of ACTB in each sample that is not methylation specific is included in each plate to control for DNA input. The average ACTB copy number detected for all subjects was only 152 copies. This means that our analytical sensitivity can only reach that of 1 in 152 copies, much less than the technical sensitivity of the procedure itself.
Based on these results, the main issues that need to be addressed are: false positives, reproducibility, small DNA amount and the potential that some characteristic of the samples are making measurements less reliable than that of the standards (as indicated by the reported coefficients of variability). To address these issues, a series of experiments were proposed. The question of how well the sodium bisulfite treatment kit works compared to the Herman method of bisulfite treatment is one that was brought up and tested during the first year of the grant and reported in the first progress report. To summarize, it was found that the Herman method resulted in large loss of DNA during the ethanol precipitation step. This greatly reduced the analytical sensitivity of the procedure compared to that seen when using a column, as is done in the Qiagen kit.
The question of whether the kit completely modified the DNA was still an issue. Incomplete modification can lead to false-positive results. Dr. Klein had previously conducted MSP using the Herman method of sodium bisulfite treatment and DNA from various cell lines. To ensure that the Qiagen kit was adequately converting samples, and not producing false positive results -MSP was conducted using the Qiagen sodium bisulfite treatment kit. DNA from four cell lines (MDA-MB-469, MCF-7, HMEC and MCF10A) was analyzed for two genes of interest (GSTP1 and RARβ2). Using this method the results obtained in the lab of Dr. Klein using the Herman method of sodium bisulfite treatment were reproduced indicating that the kit had comparable bisulfite conversion rates (Figures 3 and 4) .
B: Confirmation of QMSP by DNA Sequencing:
To further confirm that the amplification seen with QMSP was due to the presence of methylation and not an artifact of the procedure or incomplete sodium bisulfite conversion, a subset of samples were sequenced (n=31). Because the PCR products of the QMSP reactions are less than 100bp, direct DNA sequencing was not possible and bacterial cloning was required. Samples were selected so that a cross-section of amplification threshold values would be used. This was done in an attempt to determine an appropriate cut-off point to be used for the classification of samples as being methylated.
Bacterial Cloning Procedure
DNA samples were sodium bisulfite treated (as described) and MSP was conducted using a final reaction volume of 25μl. This included 1 × PCR Buffer (Qiagen, Valencia CA), 200μM dNTPs, 60nM of each (forward and reverse) methylation specific primers (Applied Biosystems, Foster City CA) and 1 U Hotstart Taq Polymerase (Qiagen, Valencia CA). Conditions were as follows, 95°C for 15 minutes followed by 45 cycles of 94°C for 20 seconds, 57°C for 30 seconds and 72°C for 30 seconds, followed by a hold at 4°C. Product was visualized by 10% TBE polyacrylamide gel electrophoresis.
The bacterial cloning reaction was carried out using the TOPO ® TA Cloning Kit for sequencing (Invitrogen, Carlsbad CA). Briefly, the vector ligation reaction was conducted directly after the completion of the MSP program. This reaction included 3μl of fresh PCR product, 1μl of salt solution, 1μl water and 1μl of TOPO ® vector for a total volume of 6μl. Once combined the reaction was mixed gently and incubated for 5 minutes at room temperature. The reaction was then put on ice or stored at -20°C until use.
Transformation of One Shot ® TOP10F' Competent Cells (Invitrogen, Carlsbad CA) was carried out using 3μl of ligation reaction and 1μl for the pUC19 control provided. DNA was added directly to a 50μl vial of cells and mixed gently by tapping. Reactions were then incubated on ice for 30 minutes followed by 30 seconds in a 42°C water bath and then back on ice. Using sterile techniques, 250μl of room temperature SOC medium was added to each vial. Reactions were then placed in a rotary shaker incubator on their side and incubated at 37°C for exactly 1 hour while shaking at 225 rpm. Following this, samples were plated on LB Agar plates containing 0.1 mM IPTG, 0.004% galactose in dimethylfluoride and 100μg/μl ampicillin. 100μl of SOC medium was first added to each plate, followed by 80μl from each transformation vial (50μl for the pUC19 transformation control). Plates where then inverted and incubated overnight at 37°C.
The next morning four colonies (1 blue and 3 white) were selected from each plate and placed in culture tubes containing 2ml of LB medium with 100μg/μl ampicillin. Tubes were then put in the rotary shaker incubator overnight and incubated at 37°C while shaking at 225 rpm. After this, cultures were spun down and the medium removed. Plasmid DNA was isolated using the PureLink Quick Plasmid Mini-prep Kit Protocol (Invitrogen, Carlsbad CA) according to the manufactures instructions (Appendix 1). Once isolated, DNA was stored at 4°C for immediate use or at -20°C for later use.
DNA Sequencing
Sequencing of isolated plasmid DNA was conducted by capillary gel electrophoresis (CEQ-8000) using a Dye Terminator Cycle Sequencing (DTCS) kit (Beckman Coulter, Fullerton CA). The sequencing reaction was prepared containing 3μl of plasmid DNA, 5pmol of the M13 Reverse plasmid sequencing primer (Invitrogen, Carlsbad CA) and 6μl of DTCS (Beckman Coulter, Fullerton CA) (Appendix 2). Reactions were run at 96°C for 20 seconds, 50°C for 20 seconds and 60°C for four minutes, for 40 cycles followed by a hold at 4°C. Samples were then ethanol precipitated and placed in a speed-vac for 15 minutes to dry down. Next, 40μl of sample loading solution (Beckman Coulter, Fullerton CA) was added and samples were capped and allowed to sit for 10 minutes, gently vortexed for 30 seconds and spun down for 10 seconds. Each sample was then transferred to CEQ plates and covered with mineral oil. Plates were run using the shorter LFR-c sequencing program.
Samples that amplified for RASSF1A (the gene for which the most samples were amplified with QMSP), were selected for bisulfite sequencing. Results showed that for RASSF1A, those samples that amplified were indeed methylated. Sequencing also provided further confirmation that the samples were being completely converted during the sodium bisulfite treatment step. These results suggest that for this gene, any amplification seen with QMSP is due to methylation. It does not however explain why methylation is seen in the control groups.
C: DNA Quality and Quantity:
The QMSP results showed that while the repeat measures of standards had low variability and good reproducibility, the same was not true for samples. The samples being used for this study are from the NYUWHS which was initiated in the mid-eighties. This means that the serum samples, from which the DNA is obtained, have been stored for approximately 20 years at -80°C. It was hypothesized that one possible reason the samples and standards where behaving differently in the anlayisis was that the samples had been damaged at some point during their long-term storage.
To test this hypothesis fresh blood samples were collected from 6 healthy individuals. Serum was separated according to the protocol detailed by the NYUWHS [3] and stored at -80°C. DNA was isolated using the Qiagen method and stored in aliquots of 45µl at -80°C until time of analysis. Samples were then analyzed and compared to NYUWHS samples with respect to quantity and quality.
DNA quantity was determined by looking at the copy number obtained for ACTB using QMSP. DNA quality was assessed using a PCR based fragment assay as described by van Beers et al [4] . For this experiment isolated DNA (10µl) from freshly collected normal samples and study sample DNA were amplified in a multiplex PCR reaction that included 4 sets of primers specific for fragment sizes of 100, 200, 300 and 400 bps for the GAPDH gene. Primer sequences are listed in Appendix 3. If samples have a greater proportion of small fragments, the sample is considered to be more fragmented. Fragmentation can disrupt the detection of promoter methylation if it occurs at the primer/probe binding sites.
PCR reactions for this analysis included 1 × PCR Buffer (Qiagen, Valencia CA), 200μM dNTPs, 132nM of each primer (forward and reverse) (Applied Biosystems, Foster City CA) for each fragment size and 1 U Hotstart Taq Polymerase (Qiagen, Valencia CA). Samples were then run for 15 minutes at 95ºC and then 1 minute at 94ºC, 1 minute at 56ºC and 3 minutes at 72ºC for 40 cycles followed by 7 minutes at 72ºC. Reactions were then visualized on 10% TBE polyacrylamide gel electrophoresis.
ACTB was quantified in the fresh samples to determine the number of genome copies present in the samples. After five repeats, ACTB was not detectable in two of the samples, later experiments showed that DNA was however present. In those samples that DNA was detectable, there was a high level of variability -as was seen in the NYUWHS samples ( Table  2) . Results of the fragment analysis also showed that though the samples did look somewhat different, the NYUWHS samples were not more fragmented than the fresh DNA samples ( Figure 5 ). These results suggest that the issue of sample variability is not due to quality of the DNA in the NYUWHS samples but perhaps related to the small amount of sample available for analysis.
D: Assay Sensitivity:
QMSP can only be as sensitive as the amount of DNA present in the sample. This issue is currently being addressed using a nested QMSP protocol [5] . This procedure involves an amplification step that is not methylation specific, prior to the methylation specific QMSP step. Primers are designed to amplify the gene of interest outside of the area of methylation so that regardless of the methylation status of the gene, it is amplified. This increases the overall amount of DNA that is being input into the QMSP reaction which is carried out in a methylation specific manner as previously described. Optimization of this procedure is currently underway for RASSF1A, using primers sequences published by Fackler et al [5] . Once this procedure has been optimized (in the next few weeks) then a selection of NYUWHS samples will be run to test if the sensitivity of the assay can be improved.
Summary:
QMSP analysis has been completed for four genes (RASSF1A, GSTP1, APC and RARβ2) in the first 50 case-control sets. Results have shown that overall the methylation frequency is low and that it is unable to distinguish between cases and their controls. A number of issues were identified during the course of this analysis and steps have been taken to address each of them.
Task 4: Statistical Analysis and Manuscript Writing
A review paper outlining the potential of DNA methylation profiles as a tool for breast cancer detection and diagnosis is almost ready for submission.
Task 5: Thesis preparation and defense
The writing of the review paper has allowed me to keep on top of the literature for the literature review portion of my thesis. I have also been writing the methods section for my thesis as I have conducted the analysis. Though this writing is still in its early stages, my thesis preparation is on-going and underway.
Key Research Accomplishments:
• Methylation analysis completed for 4 genes (RASSF1A, GSTP1, RARβ2 and APC) for the first 50 case-control sets • Troubleshooting the QMSP Method • Confirmation of methylation status using bacterial cloning and DNA sequencing • Sample DNA quality determined to be good 2) Add 96-100% ethanol to Wash Buffer (W9) and Wash Buffer (W10) according to label. Mix well. Store at room temperature.
3) If Lysis Buffer (L7) contains salt precipitates, warm buffer in a 37°C water bath until dissolves. DO NOT shake the buffer.
Preparing Cell Lysate:
1) Pellet 1-5ml of an overnight culture (1-2 x 10 9 E. coli in LB medium). Thoroughly remove all medium from the cell pellet.
2) Resuspend the pellet in 250ul Resuspension Buffer (R3) (with RNase A). No cell clumps should remain.
3) Add 250ul Lysis Buffer (L7) to cells. Mix gently bye inverting the capped tube 5 times. DO NOT VORTEX.
4)
Incubate for 5 minutes at room temperature. DO NOT exceed 5 minutes.
5) Add 350ul Precipitation Buffer (N4)
. Mix immediately by inverting the tube until homogeneous. For large pellets shake more vigorously. DO NOT VORTEX.
6) Centrifuge at ∼12,000 x g for 10 minutes at room temperature to clarify the lysate from lysis debris.
7)
Load supernatant from Step 6 onto a Spin Column.
Purification Procedure:
1) Preheat an aliquot of TE Buffer (TE) to 65-70°C fro elution (optional).
2) Place Spin Column with supernatant into a 2ml Wash Tube.
3) Centrifuge at ∼12,000 x g for 1 minute. Discard flow through. 
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